ABSTRACT N-Benzyloxycarbonyl derivatives of isoglutamine and isoasparagine were coupled with arginine methyl ester through the action of dicyclohexylcarbodiimide. The resulting benzyloxycarbonyl derivatives of isoglutaminylarginine methyl ester and isoasparaginylarginine methyl ester were treated with trypsin for removal of the ester groups and then with porcine pancreatic carboxypeptidase B for liberation of arginine and the original benzyloxycarbonyl derivatives of isoglutamine and isoasparagine. This scheme represents a reversible masking of the side-chain carboxyl functions of aspartic and glutamic acid residues. Possible applications of esters and amides of arginine as reversible blocking groups in protein semi-synthesis are discussed along with prospects and strategies for developing related techniques of higher efficiency. The lack of adequate reversible protecting groups for the wcarboxyl functions of aspartic and glutamic acid residues is probably the single greatest impediment to the routine semisynthesis of enzymes, enzyme analogs, and other biologically important polypeptides. Few of the carboxyl-protecting groups used in peptide synthesis can be conveniently introduced into preformed polypeptide fragments. Methyl esters and benzyl esters, which can be introduced via diazomethane and phenyldiazomethane, respectively (1, 2), do not -contribute to aqueous solubility in protected intermediates and they must be removed by rather harsh chemical treatments. Because conventional peptide chemistry offers no readily adaptable carboxyl-protecting groups it will be necessary to develop reagents suitable specifically for use in protein semi-synthesis. One approach to the solution of this problem is the development of enzyme-labile masking groups that can be introduced into preformed polypeptides and can be removed by specific enzymatic catalysis. Studies in this laboratory suggest that ,Baspartyl and y-glutamyl derivatives of arginine esters (or amides) may serve to protect the w-carboxyl functions and that the arginine derivatives can be removed under mild conditions by sequential treatments with trypsin (EC 3.4.21.4) and carboxypeptidase B [peptidyl-L-lysine (L-arginine) hydrolase, EC 3.4.12.3] (Fig. 1) . The carboxypeptidase B-catalyzed cleavage of # and y peptide linkages is slow compared to that expected with analogous a peptide bonds, but the reactions do proceed rapidly enough for some synthetic applications. Prospects for increasing the efficiency of the method and strategies for making it generally applicable to protein semi-synthesis are discussed.
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EXPERIMENTAL
Benzyloxycarbonylisoglutamine (Cbz-isoglutamine) ( Cbz-Asp(Arg-OMe)-NH2 and Cbz-Glu(Arg-OMe)-NH2 were dissolved at 10 mg/ml in either 0.02 M CaCl2 or 0.5 M Nmethylmorpholine/acetic acid buffer, pH 7.6. The pH of the unbuffered solutions was adjusted to 8 with dilute NaOH and maintained at that value throughout following steps by automatic titration with 0.05 M NaOH. Trypsin (1 ,ug of enzyme per mg of substrate), dissolved in 0.02 M CaCl2 in 1 mM HCI, was added to the reaction mixtures. In unbuffered solutions, the uptake of base at constant pH was recorded; the uptake of base in such digestions was complete within a few minutes. Samples from both buffered and unbuffered solutions were withdrawn after Y2 hr and analyzed by thin-layer chromatography on silica gel G layers in the solvent system n-butanol/ acetic acid/water, 4;1:1 (vol/vol). In all cases the starting materials were completely gone at this time and single ninhydrin-negative, C12/starch-iodide reactive products had appeared.
Porcine pancreatic carboxypeptidase B (100,Mg of enzyme per mg of substrate) was added to each tryptic digest. At timed intervals, samples were withdrawn for chromatographic analysis. In each case, thin-layer chromatograph showed a progressive appearance of a ninhydrin-positive material chromatographically identical with arginine and of a ninhydrin-negative product corresponding to Cbz-isoglutamine or Cbz-isoasparagine. Hydrolysis of the isoglutamine analog ap- 
NH-C-8-NH2
ONHCH-(CH)NH-CNH2 The observed initial hydrolysis rates were several times higher for the isoglutamine derivative than for the isoasparagine derivative, even with the higher enzyme concentration in the incubate containing the isoasparagine analog (Fig. 2) .
DISCUSSION
The introduction of fl-aspartyl and y-glutamyl arginine derivatives into peptides involves established methods of peptide chemistry. Determination of practical limitations awaits application to larger peptides and proteins. The solubilities of protected intermediates in aqueous solution are excellent. The trypsin-catalyzed step in the enzymatic deprotection scheme is rapid, and it is accomplished under mild conditions. There are complications with the use of trypsin as a reagent in the synthesis of trypsin-labile polypeptide sequences, but these can largely be circumvented by the use of reversible protection for the side-chain functional groups of lysyl (8-10) and arginyl (11) residues.
In general, the chemical methods and the trypsin-catalyzed step of the model scheme presented here seem satisfactory. The ultimate utility and general applicability of the method will probably be determined by the carboxypeptidase-catalyzed reaction. The costs of publication of this article were defrayed in part by the payment of page charges from funds made available to support the research which is the subject of the article. This article must therefore be hereby marked "advertisement" in accordance with 18 U. S. C. §1734 solely to indicate this fact.
